complexes with and quenches the fluorescent chlorophyll of System I (F 7 2 5 ). Addition of RLE to Boardman particles has a minimal effect on F 7 2 5 /F 7 0 0 since the concentration of System I chlorophyll (F 725) is low and RLE has little ap parent effect of System II chlorophyll (F 700) (see Table I ) . Addition of RLE to corn chloroplasts con taining PMS and BV has no effect on F 7 2 5 /F 7 0 0 perhaps indicating sim ilar fluorescence quenching properties of RLE and these materials.
cifically complexes with and quenches the fluorescent chlorophyll of System I (F 7 2 5 ). Addition of RLE to Boardman particles has a minimal effect on F 7 2 5 /F 7 0 0 since the concentration of System I chlorophyll (F 725) is low and RLE has little ap parent effect of System II chlorophyll (F 700) (see Table I ) . Addition of RLE to corn chloroplasts con taining PMS and BV has no effect on F 7 2 5 /F 7 0 0 perhaps indicating sim ilar fluorescence quenching properties of RLE and these materials.
The linear relationship obtained with the log-log presentation of the data in Fig. I follows the empi rical expression:
= l /A • (1 + 1) zl(?R. A constant (unity) is added to the time, t, to avoid a disconti nuity at time zero.
From the long irradiation times required to bring about the change in fluorescence yield it is apparent that the quantum yield of the reaction is quite low. The mechanism for this reversible change in fluor escence is not yet clear. The decrease in fluorescence may arise from an oxidation or reduction of chloro phyll by either a naturally occurring or added sub strate which is directly complexed to chlorophyll. It 12 R. B a u e r , H. G r u d z i n s k i , A. J a b l o n s k i , and E. L i s i c k i , Acta physica polon. 33, 803 [1968] .
is also possible that there is a change in energy transfer efficiency to the fluorescence center by a local " initial shock" 12 to chlorophyll upon absorbing a light quantum. An increase in local temperature is brought about by conversion of the light energy into heating the chlorophyll so as to bring about a reorientation, deaggregation or decomplexation. Since addition of LINO to chloroplasts containing FERRI has only a small effect on zI^r , LINO is tentatively assumed to interact with System II. This is in agreement with the findings of C o h e n et a l .13. Absorption changes associated with photosynthetic System I and System II are (differentially) inhibited by aqueous extracts of Ricinus leaf (RLE). The absorption changes associated with thyla koid effects (i.e. those at 515 nm) are also modified by RLE; the slow component (> 1 0~2 sec) is diminished and the fast component (^l O -2 sec) is eliminated.
Effects of Ricinus Leaf Extracts on
Fluorescence and amperometric studies were made with Zea mays chloroplasts suspended in an aqueous of Ricinus leaf (R L E )1-3. Although the influence of the extract seems to be a complex one, it has been interpreted, in part, as resulting from sequential in hibitory action towards the System I and System II sides of electron transport 4' 5. The present work describes the effects of RLE on light induced changes in absorption of chloroplasts and sub-chloroplast particles. In regard to these change, the following should be recalled: the slow (2 0 x l 0~3 sec) kinetic changes in chloroplasts at 705 and 690 nm have been ascribed to chlorophyll a of the System I reaction center (chi aj) 6; the fast (0.2 x 10~3 sec) changes at 690 nm (or at 684 nm in the case of the sub-chloroplast Boardman particles) is ascribed to chlorophyll a of the Sy stem II reaction center (chi an) 7; both the fast and slow kinetic changes ( < 1 0~'se c and > 10-2 sec) at 515 nm are attributed to both chib and carotenoids 8 or to carotenoids alone 9.
M aterials an d M ethods
Detailed descriptions of a) the periodic flash photo meter used to observe the spectral transients 7, and b) the experimental procedures, as well as the technique used for processing the data 10, were given earlier. The following is a summary of these descriptions. Absorp tion changes at either 705 or 690 nm were elicited by irradiation with repetitive flashes of blue light of saturating intensity. For absorption changes at 515 nm, repetitive flashes of red light were used. The fractional change in absorption, A l/1 , was calculated using the
y , where S (in cm) is the (ex perimentally measured) height of the signal, M and V are settings on the display scale of the Enhancetron and preamplifier, respectively, X is a factor which depends on the sweep time of the Enhancetron, and n is the number of flashes per experiment (chosen to be 8192, 1024, or 512 depending upon the magnitude of the signal). The data-originally obtained as recorder tracings of A l as a function of time -were replotted semi-logarithmically. The magnitudes of the slow and fast changes at time zero were determined by first extra polating the slow portion of the semi-logarithmic curve back to zero time to obtain the value of the slow com ponent. Then the fast component was obtained by substracting the value of slow component from the zero time intercept of the logarithmic curve. RLE was prepared according to the method des cribed by N a t h a n s o n and B r o d y 2 ; in this form it will be referred to as "concentrated RLE". Unless other wise noted concentrated RLE was used for all experi ments. Chloroplasts of field grown Zea mays (hybrid variety INRA 200) and of market spinach (Spinacia) were isolated according to B r ia n t a is n , and W i n g e t 6 H . T. W i t t , B. R u m b e r g , P. S c h m i d t -M e n d e , U. S i g g e l ,
B. S k e r r a , and J. PMS and chloroplasts were kept, separately, at 0 °C and in total darkness until the beginning of each ex periment, at which time they were mixed to obtain the desired concentrations. Experiments were made at 23 °C. Most measurements were completed within 10 minutes after mixing the suspensions under investi gation. No systematic studies were made here of the action of RLE on chloroplasts as a function of time of incubation.
Results
System 1: Addition of concentrated RLE to corn chloroplasts in the presence of PMS and BV de creases, by 87%, the slow changes at 690 nm as sociated with dil ai (Fig. 1 -Exp. 1 ,3 ) .
No spectral change can be observed when chloro plasts are suspended in BV and concentrated RLE in the absence of PMS. When PMS is ad ded, a partial restoration of the spectral change is obtained (Fig. 1 -Exp. 3 ) . If 12 times lower con centration of RLE (i. e. " dilute" RLE) is added to chloroplasts in the presence of PMS and BV there is a 57% enhancement (compared to the control) of the chi ai absorption change at 690 nm (Fig. 1 -Exp. 15 ). Similar effects are observed with spinach chloroplasts and with Boardman particles.
System II : Addition of dilute RLE to corn chloro plasts in the presence of FERRI diminishes by 23%, the fast spectral change at 690 nm associated with chi an (Fig. 1 -Exp. 9, 12) ; if 12 times greater concentration of RLE is used, the chi an absorption change is reduced 72% (Fig. 1 -Exp. 10 ). Similar effects are observed with spinach chloroplasts and Board man particles. It should be noted that in the case of Boardman particles, the slow spectral change associated with chi aj at 684 nm is postive while the fast change of the chi an is negative; addi tion of dilute RLE to these particles in the presence of FERRI decreases the chi an absorption change (Fig. 2 -Exp. 69, 7 4 ).
When RLE is added to spinach chloroplasts in the absence of any exogenously added electron donor or acceptor, instead of a decrease in absorption at 690 nm, there results an increase in absorption (Fig.  2 -Exp. 3 8 ) . Such a situation leads to a spectral change that is sim ilar to the one observed with Boardman particles rich in System II (Fig. 2 Exp. 6 9 ).
Thylakoid effects: The slow component of the absorption change at 515 nm is decreased 40% upon addition of RLE to Boardman particles in the presence of PMS (Fig. 3 -Exp. 77, 76) -the fast component of the absorption change completely disappears. When RLE is added to Boardman particles in the presence of FERRI, there is an 80% reduction in A I/I of the slow component (Fig. 3 -Exp. 71,  72 ). The small fast component is no longer obser vable after addition of RLE. Sim ilar modifications in absorption at 515 nm are observed with chloro plasts of corn and spinach exposed to RLE.
The magnitudes at time zero of all the slow and fast changes described above are summarized in Table I 
D iscussion
We have observed that when concentrated RLE is added to chloroplasts containing PMS and BV, the spectral changes associated with chi ai are in hibited (Fig. 1) . Similarly, when RLE is added to chloroplasts containing FERRI the spectral changes associated with chi an (at 690 nm) are inhibited (Fig. 1) . We may conclude that RLE contains in hibitors both for System I and II.
When dilute RLE is added to chloroplasts con taining only B V , all spectral changes are inhibited. Upon addition of PMS to this system, there is only a partial restoration of chi ai (Fig. 1 -Exp. 1 ,3 ) . This may be contrasted to the results obtained when DCMU is used in place of RLE; in this case com plete restoration of chi ai is obtained 7. This finding that RLE contains specific inhibitors of System I is in agreement with those of B r o d y 4. The action of RLE and linolenic acid are sim ilar in some respects namely, at low concentrations both appear to have a stimulatory effect of System I, and at higher con centrations an inhibitory effect; both RLE and linolenic acid inhibit System II 3> 4> 5' 10,14,15.
Boardman particles rich in System II show both a positive slow and a negative fast change at 684 nm (Fig. 2 -Exp. 6 9 ) . A ddition of concen-
